Introduction
The oil production is an oil recovery process from the reservoir in oilfields. Like other industries the oil production involves a range of professional fields, such as measurement, transport, automation and well works, etc. Oil recovery is facing a technological innovation due to the rapidly increased requirements of the energy [1, 2] . The need to increase oil production and reduce operating costs from wells is urgent and it relies on the support of information and communications technology. The equipment categories and team functions can be grouped into the configuration shown in Figure 1 , where most of equipment and functions are operated according to real-time data collected from oilfields. The main equipment categories are surface equipment for oil wells, downhole equipment, pipelines and SCADA (supervisory control and data acquisition) equipment. This article aims to show the state-of-art in the SCADA for oilfields.
Oil recovery is a system engineering for operating both the equipment at surface and the reservoirs under the earth. The reservoirs are deeply hidden in the crust, not immutable or frozen, and difficult to understand and monitor through existing well instrumentation. Also, the reservoirs are diverse from each other and oil wells are scattered in a vast range. Acquiring accurate and continuous data from the oil production process is a challenging problem to measurement and instrumentation communities.
The most common methods to do the data acquisition for oil well production are indirect or manually. They are based on data obtained at the surface without entering the well bore, such as power consumed, water injected and pressure of the wellhead. Today there are a lot of advanced instruments or sensors being pre-installed at down-hole environment named smart wells [3, 4] . The drawback of these smart wells is that cost is high and not affordable in most of oilfields, particularly in low production rate wells. The data collected from surface devices to monitor the performance of oil wells is used in the majority of oilfields. Operators would manually inspect each well site once a day to ensure that each oil well is pumping normally and there is no split. Each well requires one or two 24-hour tests per month and it is assumed that for the rest of days in the month the wells perform the same. The well test is manually conducted by operators and is difficult to manage. This article first reviews the history of the evolution of automation in oilfields, which has been categorized as three stages: computerized oilfield, digital oilfield and smart oilfield. The latest trends in the development of SCADA in oilfields occur mainly for overcoming the bottleneck problems in SCADA, i.e. local and remote data communication, including low earth satellites for long distance communication, mobile data acquisition and wireless communication.
History of SCADA in Oilfields
There have been three dramatic progresses in the evolution of the SCADA applied in Chinese oilfields. The first major progress happened in the 1970's when the concept of SCADA was first introduced into oilfields which was called computerized oilfields.
A traditional SCADA system includes sensors, actuators, RTU (remote terminal unit) or PLC Early SCADA system in oilfield [5] www.instmc.org.uk Measurement + Control Vol 43/6 July 2010 • 177 themed paper: SCADA in Oilfields (programmable logic controller), supervisory computer and communication. The supervisory computer can acquire data from oil production remotely and manipulate oil production operation through RTU or PLC. Figure 2 illustrates a typical SCADA architecture, in which a RTU directly monitors and controls a process; other remote devices are for supervision, data storage, report and safety control. Traditionally SCADA communication has been Point-to-Multipoint serial communications over a wired system or private radio systems (i.e. RS232, RS485, BEL202). Compared to the traditional data acquisition system, the SCADA system enhances real-time monitoring and control functions. The concept of real-time in petroleum engineering might be different from other industries. In oilfields a real-time operation is not necessarily a high frequency operation as many of them are in a slow process and only need low frequent control.
The second significant progress in the evolution of oilfield SCADA was caused by the Internet or web technologies. It occurred in the last decade, and was called digital oilfields. Web based SCADA [6, 7] uses the latest Internet technologies to help customers to increase plant floor productivities, to improve automation system flexibilities and to minimize SCADA system costs. Cambridge Energy Research Associates identifies monitoring and control as one of the five key technologies that will have an impact on the oil and gas industry in the future [8] . Figure 3 illustrates a web-based SCADA system, in which TCP/IP (Ethernet), web servers and data servers are the core elements. The communication between the oil wells and the Internet might adopt a wireless channel or a wired link.
The smart oilfields [9] [10] [11] have become popular since the beginning of 21st century and focusing on real time optimization [12] and on-line closed-loop control through the use of technologies such as smart sensors, simulation modeling and artificial intelligence. A typical example is online optimization in a North Sea gas field, which was performed by interfacing validated real time data with a surface process model and "curve-fitted" aggressive well models with an optimizer running "on top" [13] . Reservoir management is another core tool in the smart oilfields, which is used throughout the life cycle of crude oil and natural gas fields. It is used to determine the most cost-effective way to develop a new field or to bring new life to a mature field with, for example, enhanced oil recovery measures such as steam flooding or steam injection. Through the use of reservoir management it can improve production rates and increase the total amount of oil and gas recovered from a field.
Latest Development in Data Communication in Oilfields
Two bottlenecks of applying SCADA in oilfields are multiphase flowrate measurement and data communication. With the development of new soft sensor technologies, multiphase flowrate measurement has achieved some progress. Data communication in oilfields still needs great effort to improve the reliability and reduce the cost. Three new trends are happening in the areas:
• Improving the reliability of the communication through the use of satellites and fiber -An example is the use of low earth orbit satellites (LEO). LEO form an excellent low cost method of command and control of remote operations provided the "non-real time" nature of up to 10 minutes delay is acceptable [14] .
• Employing a movable SCADA system -Portable field SCADA systems are being widely accepted in oilfields. Figure 4 illustrates a portable SCADA system, which is physically located in a vehicle and travels to oil wells and is connected with it. The data collected from oil wells are stored in the portable SCADA system and will be downloaded to a main computer for analysis. 
Conclusions
Oil and gas consumption is expected to rise as economies now recover across the globe. Oilfields are providing a huge market to various SCADA systems if they can meet the unique requirements of oil and gas production. This article briefly reviews the significant progress in the application of SCADA systems in oilfields, computerized oilfields, digitalized oilfields and smart oilfields, and indicate what is happening in the latest development of data communication in oilfields. We wish to encourage more industries and researchers to contribute to the SCADA systems for oilfields.
